This study presents a numerical investigation on the magnetohydrodynamic (MHD) stagnation point flow of a ferrofluid with Newtonian heating. The black oxide of iron, magnetite (Fe3O4) which acts as magnetic materials and water as a base fluid are considered. The two dimensional stagnation point flow of cold ferrofluid against a hot wall under the influence of the uniform magnetic field of strength is located some distance behind the stagnation point. The effect of magnetic and volume fraction on the velocity and temperature boundary layer profiles are obtained through the formulated governing equations. The governing equations which are in the form of dimensional non-linear partial differential equations are reduced to dimensionless nonlinear ordinary differential equations by using appropriate similarity transformation. Then, they are solved numerically by using the Keller-box method which is programmed in the Matlab software. It is found that the cold fluid moves towards the magnetic source that is close to the hot wall. Hence, leads to the better cooling rate and enhances the heat transfer rate. Meanwhile, an increase of the magnetite nanoparticles volume fraction, increases the ferrofluid capabilities in thermal conductivity and consequently enhances the heat transfer. [ ][ ] [ ][ ] [ ] 1 . J J J J J 1 : , J J J J J J J j J B A C r [ ][ ] [ ][ ] [ ] 1 : . J J J J J [ ] [ ] [ ] J J J J J J J [ ] [ ] [ ] J J J
Introduction
Fluid will help the equipment to transfer heat and prevent the equipment from overheating (cooling system) when the thermal conductivity of the fluid increases [1] . The conventional heat transfer of fluids such as water and oil is inherently the poor heat transfer performance. Therefore, numerous theoretical and experimental studies on the heat transfer enhancement in improving the cooling capabilities and the effectiveness of thermal conductivity have been conducted. The discovery of the term nanofluid that is first introduced by Choi and Eastman [1] shows that the nanoparticles which is added in conventional base fluid exhibit high thermal conductivities and enhance the heat transfer. Based on material type, nanofluid is classified as metallic nanoparticles (Cu, Al, Fe, Au and Ag) and non-metallic nanoparticles (Al2O3, CuO, Fe3O4, TiO2 and SiC). The commonly used base fluids are water, ethylene glycol, acetone, decene and oil. The synthesis of nanofluid, convective heat transfer of nanofluid, characteristics and thermal conductivity of nanofluid is explained in details by [2] [3] [4] [5] [6] . Nanofluid which is formed by magnetic nanoparticles is known as magnetic fluids or ferrofluid. Ferrofluid is composed of single domain particles coated namely; magnetite (Fe3O4), hematite (Fe2O3), cobalt ferrite (CoFe2O4) and other compounds having iron with a molecular layer of a dispersant and suspended in a base fluid [7] .
Ferrofluid which flows over a heated surface will cause the interaction between fluid and surface and hence, the convective heat transfer of ferrofluid will be investigated. When using ferrofluid as fluid to help in enhancing the heat transfer, MHD is one of the effects that must be taken into account because ferrofluid components consist of iron which interacts with the magnetic applied. The random motion of ferroparticles within base fluid becomes uniform when magnetic is applied.
In the last few years, studies in MHD flow on boundary layer flow and convective heat transfer of ferrofluid over various geometry surfaces are experiencing rapid development and have been widely published. According to Darus [8] the surface geometries also affect the convective heat transfer process. After NASA invented a ferrofluid in 1963, Neuringer and Rosensweig [9] studied a phenomenological treatment of fluid dynamics and thermodynamics interaction of ferrofluid in the presence of non-uniform magnetic field. Then, Neuringer [10] extended his work by studying the stagnation point flow and stationary horizontal flat plate of a heated saturated ferrofluid with constant wall temperature. Recently, the study of ferrofluid on a stationary flat plate with uniform heat flux by Khan et al. [11] found that kerosene-based magnetite (Fe3O4) provides a higher heat transfer rate at the wall as compared to the kerosene-based cobalt ferrite and Mn-Zn ferrite. Following this study, Sandeep et al. [12] investigated the impact of aligned magnetic field and radiation on the ferrofluid flow along a stationary flat plate with non-uniform heat source/sink.
The study of ferrofluid on a flat plate conducted by Ramli et al. [13] on moving horizontal flat plate and vertical flat plate by Ilias et al. [14, 15] investigated the fluid interaction and the other factors that help to enhance the heat transfer. Numerous researchers have started to investigate the stagnation point flow of ferrofluid in theoretical studies but did not apply a stationary horizontal flat plate assumption [16] [17] [18] [19] . Hence, this study will focuses on magnetohydrodynamic (MHD) stagnation point flow of ferrofluid along a stationary horizontal flat plate with Newtonian Heating. The boundary conditions commonly applied are constant or prescribed wall temperature and constant or prescribed surface heat flux in modelling the convection boundary layer flow. Merkin [20] proposed the Newtonian heating (conjugate convection flow) where the surface heat transfer depends on the surface temperature.
This study focuses on the mathematical model used for formulation of the problem is consistent with the principle of MHD where neglecting the polarization effect that can be neglected in ferrofluid experiments [21] . The model proposed by Tiwari and Das [22] is adopted in mathematical modelling. This model is a suitable approach to study the behaviour of ferrofluid because it computes every single of the physical properties like electrical conductivity, dynamic viscosity, thermal conductivity, density and volume fraction of particles that has well tested by [11, 14, 23] and the other researchers. The governing boundary layer equations are then transformed by using the similarity transformation to ordinary differential equations. It is further being solved numerically by using implicit finite difference scheme known as Keller-box method.
Mathematical Formulation
The laminar ferrofluid flow of two-dimensional MHD is considered as steady and incompressible on a stagnation point past a stationary flat plate with ambient temperature T ∞ and the free stream velocity U bx ∞ = where b are constant. The base fluid (water) and magnetic nanoparticles (magnetite, Fe3O4) are assumed to be in thermal equilibrium. Further, a uniform magnetic field of strength o B is assumed to be applied in the positive y-direction normal to the flat plate subjected to a Newtonian heating as proposed by Merkin [20] and no slip velocity condition are considered as illustrated in Fig. 1 . It is assumed that the Lorentz force on ferrofluid arises when the electric current flows to the direction of an impressed magnetic field. The magnetic Reynolds number is assumed to be small, and thus the induced magnetic field is negligible [24] . The boundary layer equations are [16, 25, 26] : 
subject to the following boundary conditions 0,
where and are the velocity components in the and directions, respectively. The temperature of ferrofluid in the boundary layer is represented by T , nf σ is the electrical conductivity of ferrofluid, s h is the heat transfer coefficient, ( ) p nf C ρ is the heat capacity of ferrofluid, nf ρ is the ferrofluid density, nf ν is the kinematic viscosity of ferrofluid, nf α is the thermal diffusivity of ferrofluid and nf µ is the dynamic viscosity of ferrofluid which can be expressed in terms of the properties of base fluid, ferroparticles and volume fraction of ferroparticles φ as follows [16, 27] :
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Note that , nf f k k and s k are the thermal conductivity of the ferrofluid, base fluid and ferroparticles, respectively. According to Turkyilmazoglu [28] , the Eq. 5 are restricted to nanoparticles with spherical shape following the classical model by Brinkman [29] and Maxwell [30] . The non-linear partial differential Eqs. 1 -3 contain many dependent variables which are in dimensional forms and difficult to solve. Therefore, the following similarity variables are applied:
where , η θ and ψ are non-dimensional similarity variable, temperature and stream function. The Eq. 2 and Eq. 3, then the following ordinary differential equations were obtained ( ) ( ) 
where
is the conjugate parameter for Newtonian heating. It is worth mentioning that 0 γ = is for the insulated plate and γ → ∞ is when the surface temperature remains constant.
The physical quantity interests are the skin friction coefficient to study the phenomena occur between fluid the surface and the local Nusselt number to study the heat transfer between the surface and fluid which is given by 2 ,
with surface shear stress w τ and the surface heat flux w q given by
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By using the similarity variables in Eq. 6, the Eq.10 gives
is the local Reynolds number.
Keller-box Method
The Eq. 7 and Eq. 8 subject to the boundary condition (9) are solved numerically by using implicit finite difference method known as Keller-box method which has been discussed by Cebeci and Bradshaw [31] and Na [32] . There are four steps to solved this numerical computation as shown below:
• Reduce the ordinary differential equations subjected to the boundary condition in a first order system • The equation is written to the difference equations by using central differences • The algebraic equations are linearized by Newton's method and rewritten in the matrixvector form • The block elimination technique
Finite Difference Method
The algorithms start with transforming Eq. 7 and Eq. 8 to a first order differential equations system as follows:
and ( ) ' is derivative with respect to η. With this definition, the Eq. 7 and Eq. 8 can be written as Let:
( ) Pr 0, ac t ft ′ + = (15) and the boundary condition (9) can be written as
The schematic point in the η -plane shown in Fig. 2 and the points are defined as below:
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where j h is the j η ∆ -spacing.
Fig. 2 Schematic point for difference approximations
The finite difference forms for any points are
By considering the net rectangle in Fig. 2 . Eq. 13 are rewritten by considering the mid-point 1 2 η − j of the segment P1P2 by using the central differences. Hence, the following are obtained
The Eq. 14 and Eq. 15 then are stated in finite centered differential equations at 
The boundary conditions (16) can be written as Newton's Method
The system of Eqs. 20 -24 are rewritten as
The following iterates are introduced to solve these non-linear Eqs. 26 -30 by using Newton's method:
The iterates in Eq. 31 are substituting into the system of Eqs. 26 -30. The superscript i from iterates are eliminated to simplify the equations. Next, neglecting the higher order terms of δ :
( )
where ( ) 
System of Eqs. 32 -36 is subjected to the boundary condition (25) and according to Cebeci and Bradshaw [31] , it can be satisfied exactly with no iteration. Therefore, in order to maintain these correct values in all the iterates, let 
The elements of the matrices are [ ] 
Matrix A in Eq. 41 is known as tridiagonal matrix with zero elements, except at its main diagonal. The Eq. 41 can be solved by using a block elimination technique by assuming that matrix A is nonsingular and it can be factored in the form of A=LU, 
The step in which , j j α Γ and j W are calculated is usually referred to as the forward sweep. Once the elements of W are found, Eq. 54 then gives the solution δ in the so-called backward sweep, in which the elements are obtained by the following relations:
Since the elements of δ are found, Eqs. 32 -36 then can be used to find ( 1)th i + iterates for Eq. 31. These calculations are repeated until some convergence criterion is satisfied. In laminar boundary layer calculations, the wall shear stress parameter (0) v is commonly used as convergence criterion [31] . This is probably because of in boundary layer calculations, the greatest errors usually occurred in the wall shear stress parameter. Therefore, the wall shear stress parameter is used as convergence criterion in this study. Calculations are stopped when
ε is a too small fixed value. In this study, 1 0.00001 ε = are used, which gives the precise values until four decimal places, as suggested by [31] .
Results and Discussion
The Eq. 7 and Eq. 8 subjected to the boundary conditions (9) were solved numerically using the Keller-box method as shown above, which is then programmed in Matlab software. The thermophysical properties of water and magnetite (Fe3O4) are listed in Table 1 . The Prandtl number of water is taken at 6.2 and the volume fraction of ferroparticles φ is studied in the range 0 0.1 φ ≤ ≤ where 0 φ = represent the pure fluid water. The comparison present results of the wall temperature (0) θ and heat transfer coefficient
with the previous reported numerical results which has been made to validate the numerical result obtained. Table 2 shows the present results are found in good agreement with previous published results by Mohamed et al. [33] with shooting method for various values of the Prandtl number, Pr when 0 M φ = = and 1 γ = . Therefore, the practicality and effectiveness of Keller-box method is proven. Figure 3 illustrates the effects of the ferroparticles volume fraction when magnetic parameter is applied on velocity profile against the momentum boundary layer thickness. When the volume fraction of ferroparticles parameter increase, the velocity of ferrofluid will increase while the momentum boundary layer thickness decreases. Physically, the viscosity of ferrofluid increases with an increase of the magnetite particles volume fraction. Nevertheless, the increment in the volume fraction of ferroparticles parameter elevates the temperature and the thermal boundary layer thickness as depicted in Fig. 4 and the viscosity will diminish with the temperature enhancement. These results are confirmed with experiment studied by Toghraie et al. and Malekzadeh et al. [36, 37] . Hence, it will cause the velocity of ferrofluid to decrease. Consequently, the thermal conductivity of ferrofluid increases in accordance to the experiment results by Haiza et al. [38] . Since the thermal conductivity is the most important element in enhancing the heat transfer, Table 3 shows the variation of the temperature, heat transfer, reduced skin friction and reduced Nusselt number of ferrofluid at different parameter. Obviously, Table 3 reveals that a rise in the volume 
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Transfer Phenomena in Fluid and Heat Flows XI fraction of ferroparticles contributes to an enhanced heat transfer of ferrofluid. Meanwhile, an upsurge the volume fraction of ferroparticles will lead to an increase of the reduced skin friction and the reduced Nusselt number. The effect of magnetic parameter on the velocity and temperature profiles against the boundary layer thickness are portrayed in Fig. 5 and Fig. 6 respectively. Figure 5 presents that the velocity of ferrofluid increases while the momentum boundary layer thickness decline when the magnetic parameter applied is increased. The change of ferrofluid velocity that took place with the increment of the magnetic field strength is caused by the characteristic of ferroparticles that contains iron and the magnetic field that is perpendicular to the direction of the flow which can overcome the electrostatic attraction of the opposite charged particles in the ferrofluid when it is exposed to the Lorentz force which counteracts with the viscous force [39] . Hence, ferrofluid receives a push from the magnetic which makes the boundary layer thinner and the velocity increases. Thus, the reduced skin friction in Table 3 increases due to the imposition of magnetic field. Figure 6 reveals that the increasing of the magnetic parameter shows the temperature and thermal boundary layer have decreased. Technically, the cold ferrofluid moves towards the source of the magnetic field that is close to the hot wall which can increase the thermal conductivity and enhance the heat transfer process as shown in Table 3 .
Conclusions
The theoretical study of MHD flow and heat transfer of ferrofluid on stagnation point along a stationary horizontal flat plate with Newtonian heating are solved by using an implicit finite difference scheme or known as Keller-box method. The details of method are shown and the effects in enhancing the heat transfer are investigated. It is found that the following happens:
• A magnetic parameter increases the velocity of ferrofluid, the reduced skin friction and reduced Nusselt Number but decreases the temperature. • An increase of ferroparticles volume fraction will cause the increment of velocity, temperature, the reduced skin friction and the reduced Nusselt number.
